Various studies firmly establish the fact that gamma-ray observations can act as a unique probe to detect the possible cosmic ray (CR) sources, study the CR density distribution and explore the average properties of interstellar medium (ISM) such as the gas density profile of ISM. We use the DRAGON code to study different propagation models by incorporating realistic source distribution, Galactic magnetic field (GMF) and gas density profile, and finally obtain the proton distribution (both spatial and energy) in the Galaxy by fitting the locally observed CR spectra. This distribution of protons is used to calculate the diffuse gamma-ray flux produced by proton-proton interactions in the Galactic halo. Our calculated diffuse gamma-ray flux is compared with the isotropic gamma-ray background (IGRB) at sub-TeV energy regime measured by Fermi-LAT. It is found to be much less than IGRB, which suggests IGRB is mostly of extragalactic origin.
INTRODUCTION
The origin of cosmic rays (CRs) is still one of the enigmas of the high energy astrophysics. The primary picture of the production and subsequent propagation of Galactic CRs is based on the pioneering studies in the early 1960s by Ginzburg and Syrovatskii (1964) which predict the confinement of a diffuse sea of high energy particles in a sizable diffusive halo. The motion of Galactic CRs is generally treated as a random walk of the particles in the magnetized, turbulent interstellar medium (ISM) and thus can be modeled in terms of a homogeneous, isotropic, diffusion equation with the addition of advection and loss terms. Up to date, several theoretical and experimental advancements enrich the field in various ways; see the excellent monographs, e.g. Berezinskii et al. (1990) ; Gaisser et al. (2016) . However, the issues related to the acceleration mechanism of CRs as well as the physical process, characterizing the interaction between CRs and the magnetized, turbulent interstellar plasma, which is supposed to be the reason behind the random walk and ultimately for the confinement of CRs are still under debate.
Gamma-ray astronomy is undoubtedly considered as a unique probe for the investigation of acceleration and propagation of CRs. While the acceleration sites of CRs can be revealed by the proper detection and identification of gamma-ray sources, the diffuse gamma-ray emission from the Galactic disk can trace out the distribution (both spatial and energy) of CRs. During their propagation, CRs randomly roam in different regions of the Milky Way Galaxy and produce diffuse gamma-ray emission by interacting with ambient gas via hadro-nuclear interactions or proton-proton interactions (hereafter p-p interactions). Indeed, this diffuse emission has been widely used in CR research as a tracer of CR distribution in the sayan@rri.res.in Galactic plane (e.g. Abdo et al. 2009 ).
The gas density profile of Milky Way Galaxy plays a significant role in the production of diffuse gammaray emission via decay of neutral pions produced in p-p interactions. The diffuse gamma-ray flux is proportional to the total density of gas in our Galaxy. However, the gas density profile of our Galaxy is still uncertain. Gamma-ray observations can be used to map the density profile (e.g. Delahaye et al. 2011; Feldmann et al. 2013) . Moreover, various recent observations such as ion absorption lines against background quasars (Nicastro et al. 2002; Rasmussen et al. 2003; Miller and Bregman 2013; Fang et al. 2015; Zheng et al. 2019) and emission lines Shelton 2012, 2013; Miller and Bregman 2015) along different line of sights at high Galactic latitudes indicate the existence of a hot baryonic gas halo around the Galaxy known as circumgalactic medium (CGM). Such a claim from direct observations is further strengthened by various indirect observations (e.g. Stanimirovic et al. 2002; Fox et al. 2005; Grcevich and Putman 2009; Putman et al. 2011) . The protons present in the CGM can act as targets for propagating CR protons, which can produce diffuse gamma-rays by p-p interactions. Gamma-rays produced at such high Galactic latitudes may contribute to the isotropic gamma-ray background (IGRB). Until now, IGRB has been measured by various instruments such as SAS-2 satellite (Fichtel et al. 1975 (Fichtel et al. , 1978 , EGRET on board the Compton Observatory (Sreekumar et al. 1998; Strong et al. 2004) , and the Fermi Large Area Telescope (Fermi-LAT) (Abdo et al. 2010; Ackermann et al. 2013 Ackermann et al. , 2015 .
Gamma-ray production from p-p interaction has also been studied by several authors (Stecker and Jones 1977; Paolis et al. 2000; Cholis et al. 2012; Feldmann et al. 2013; Ahlers and Murase 2014; Taylor et al. 2014; Liu et al. 2019; Shen et al. 2019) in their works. More recently, Fermi-LAT extended their previous measurements on IGRB up to 820 GeV (Ackermann et al. 2015) .
In a more recent work (Kalashev and Troitsky (2016) ) the diffuse gamma-ray and neutrino fluxes have been calculated from CR interactions with circumgalactic gas. They have shown that the secondary gamma-ray flux produced in CR interactions may contribute non-negligibly to the diffuse gamma-ray background. These calculations depend on the values of many parameters which determine propagation and secondary production of CRs.
In this paper, we want to study the diffuse gammaray emission originated in interactions of CR protons, which require detailed modeling of CR propagation and interactions. For such purpose, we obtain CR proton distributions in our Galaxy from benchmark propagation models by fitting locally observed CR spectra. The CR flux depends upon various uncertain parameters, namely the turbulent Galactic magnetic field (GMF), the halo size of Galaxy, hydrogen gas distribution in the Milky Way Galaxy and source distribution of CRs. The nature of the turbulent GMF is primarily modeled in our work with the Faraday rotation measurements (Han 2009; Pshirkov et al. 2011; Jansson and Farrar 2012) of Galactic and extragalactic radio sources. Alongside, synchrotron emission of Galactic CR electrons in the radio frequency range is also taken into account to model the turbulent component of GMF which relates the halo height (z t ) and GMF (Di Bernardo et al. 2013) . Other local observables such as stable (B/C; B and C are boron and carbon respectively) and unstable ( 10 Be/ 9 Be; Be is beryllium) secondary to primary ratios can be used to disentangle energy dependent diffusion coefficient (D(E k )) and halo height as 10 Be/ 9 Be ∝ D(E k )/z t and B/C ∝ z t /D(E k ) with E k being the kinetic energy ). Realistic gas density profile can be modeled from the hydrodynamical simulations and observations in the radio, X-ray and gamma-ray wavebands. The source distribution of Galactic CRs has a less significant effect on the gamma-ray spectrum if we exclude the gamma-ray data of |b| < 10
• (b is Galactic latitude) (Cholis et al. 2012) .
The obtained CR proton distribution is then used to calculate diffuse gamma-ray flux over the energy range of 1-1000 GeV. In the gamma-ray flux calculation, we exclude the gamma-ray emission of the inner Galaxy as well as of |b| ≤ 20
• . We, thus, ensure that gamma-ray contribution from the CR sources is insignificant on the diffuse gamma-ray flux. Our result is compared with the IGRB measured by the Fermi-LAT instrument.
In section 2, we discuss the modeling of CR propagation with the Diffusion Reacceleration and Advection of Galactic cosmic rays: an Open New code DRAGON 1 (Di Bernardo et al. 2010) . In this section, we also describe the methodology adopted for fitting the observed CR data. Section 3 contains the framework for the calculation of gamma-ray flux and section 4 is devoted to results obtained by us. We discuss and summarize our findings in section 5. The conclusion is presented in section 6.
MODELING OF CR PROPAGATION IN THE MILKY WAY GALAXY
1 https://github.com/cosmicrays/DRAGON Galactic CRs are generally believed to be accelerated by astrophysical sources such as supernova remnants (SNRs) (Bell 1978a,b; Blandford and Eichler 1987) . Those accelerated CRs are, then, injected into the ISM where they propagate through the stochastic magnetic field to reach the Earth. The observed CR energy spectra distributed in a wide energy range of subGeV to multi-TeV are considered to be a combined effect of both acceleration and propagation mechanisms in our Galaxy. In our case, we focus only on the propagation scenario. The propagation of CRs at energies below 10 17 eV can be described by diffusive transport equation (e.g. Berezinskii et al. 1990; Feng et al. 2016) . CR density at any position of the ISM is obtained by solving such diffusive transport equation following either semianalytic (Putze et al. 2010) or numerical procedures (Di Bernardo et al. 2010; Trotta et al. 2011) . In the present work, we use DRAGON code (Di Bernardo et al. 2010 Bernardo et al. , 2013 to solve the transport equation and study the propagation of CRs in the Galaxy.
DRAGON code numerically solves the diffusive transport equation, assuming the cylindrical symmetry and steady state approximation, in a 2+1D grid 2 where each grid point is described by its galactocentric radius, r ∈ (0, 40 kpc) and vertical distance, z ∈ (−L, +L) with L = 3z t . In our Galactic geometry, we assume that the zaxis passes right through the Galactic center with Cartesian co-ordinates (x = 0, y = 0, z = 0). The Earth's position is represented as (x = 8.5 kpc, y = 0, z = 0). We also consider r E to be the galactocentric distance of the Earth and the relation, r = x 2 + y 2 . In the following, we will discuss other necessary components needed for the modeling of the propagation of CRs.
2.1. Primary sources and the injection spectra of CRs For our simulations, we consider the source distribution presented in the Ferriere 2001 which is constructed on the basis of progenitor stars and pulsar surveys.
In our present work, we particularly pay attention to the proton spectrum in our Galaxy as proton plays the dominant role in the production of diffuse gamma-ray spectrum in the whole energy range, 0.1 GeV to 10 5 GeV, considered here. In the publicly available version of the DRAGON code, the protons and all the other heavier nuclei are considered to be injected in the ISM with identical injection spectrum. So, proton injection spectrum is the representative of injection spectra of other heavier nuclei. We, here, describe the injection spectrum of protons as broken power law,
where, ρ, α p and k denote the rigidity, spectral index and an integer number respectively. For our present simulations, we consider two breaks in the injection spectrum at ρ = ρ (Stone et al. 2013; Cummings et al. 2016) , PAMELA (Adriani et al. 2011 (Adriani et al. , 2013 , AMS-02 (Aguilar et al. 2015) and CREAM (Yoon et al. 2011) .
Galactic magnetic field and Diffusion
To model GMF, we opt the geometry provided by Pshirkov et al. (2011) . Our chosen GMF geometry contains three components, namely the disc, halo and turbulent, and their corresponding normalizations are denoted as B 
For our present simulations, we consider the diffusion in the form (Di Bernardo et al. 2013; Biswas and Gupta 2018) 
where, β, ρ 0 , δ and D 0 are the particle speed, reference rigidity, diffusion spectral index and normalization respectively. The other index η accounts for uncertainties at low energy arises due to low energy CR propagation. We can relate the turbulent component of GMF and the diffusion coefficient from the equations 2 and 3, i.e.,
The quasi-linear theory and the numerical simulations of particle propagation in turbulent magnetic fields (De Marco et al. 2007 ) also support the above relation (see equation 4).
In addition to spatial diffusion, we also incorporate the stochastic acceleration in modeling of CR propagation. The diffusion in momentum space (Dpp,p denotes momentum), connecting stochastic acceleration with the scattering of CRs on randomly moving magnetohydro-dynamical (MHD) waves, is the cause behind the stochastic acceleration. The diffusion coefficient in physical space (D xx ) is connected with Dpp by a relation Dpp ∝p 2 v Alf /D xx , where v Alf is the Alfven velocity of the propagation MHD waves (Berezinskii et al. 1990 ). Moreover, we also include wind speed (V w ) in one of our diffusion model by considering V w = |z| × dvw dz ( dvw dz in units of km s −1 kpc −1 ) in the DRAGON code. CRs having energies below 10 GeV are largely affected due to solar activity. So, we need to take into account the solar modulation effect for fitting the observed CR spectra. We model the solar modulation with a potential (φ) by following the prescription given in Usoskin et al. (2005) .
Hydrogen gas density profile in Milky Way Galaxy
In the DRAGON code, we use molecular hydrogen density (n H2 ), atomic or neutral hydrogen density (n HI ) and ionized hydrogen density (n HII ) profiles, where the subscripts H 2 , HI and HII denote the molecular, neutral and ionized hydrogen. The total gas density in our Galaxy is considered as
We, here, describe the three components of the total gas density in two regions; one region belongs to r 3 kpc (or, Galactic bulge (GB)) and the other one is 3 kpc < r ≤ 40 kpc.
2.3.1. For r 3 kpc n H 2 : The GB region can be divided into two parts, namely the central molecular zone (CMZ) and the GB disk. CMZ, a layer of molecular hydrogen, exists in the core of GB and the average extension of CMZ is r ∼ 200 pc. The rest part of GB is known as GB disk. Hence, the total density profile of this region is the result of combined contributions of both the CMZ and the GB disk. The density profile is based on the 2.6 mm CO emission line with the 18 cm OH absorption line which are complimented with theoretical and gas dynamical models. The density contribution of CMZ is denoted as (Ferriere et al. 2007 )
where, CMZ coordinates (X, Y ) and the Galactic coordinates (x, y) are related by the following equations (Ferriere et al. 2007 )
with x c = −50 pc, y c = 50 pc and θ c = 70
• . The GB disk, beyond CMZ region, is modeled as a tilted elliptical disk with a hole at the central region. The GB disk coordinates (X , Y, Z) and the coordinates of our Galaxy (x, y, z) are related (Ferriere et al. 2007 )
where, α = 13.5
• , β = 20
• and θ d = 48.5
• . The density contribution from holed GB disk can be expressed as (Ferriere et al. 2007 )
The total density distribution of H 2 is denoted as
n HI : Similar to H 2 , HI density profile is also a sum of both the contributions of CMZ and holed GB disk. Different surveys of CMZ indicate that mass of HI is 8.8% of the mass of H 2 . The space-averaged density of HI is represented as (Ferriere et al. 2007 )
Similarly, the space-averaged density of HI from the holed GB disk is expressed as (Ferriere et al. 2007 )
So, the total density distribution of HI can be written as
n HII : The density profile of ionized component is based on non-axisymmetric spatial distribution of free electrons in our Galaxy, which is constructed from the data of dispersion, scattering and distance measurements of pulsars available till the end of 2001.
In the present case, we only consider the contribution of weakly ionized medium (WIM). WIM contributes 83% of the total mass of HII. Along with, we also assume that hydrogen gas is completely ionized whereas helium is completely neutral. The space-averaged density of HII is represented as (Ferriere et al. 2007 )
where, u denotes the unit step function, y 3 = −10 pc, z 3 = −20 pc, L 3 = 145 pc, H 3 = 26 pc, L 2 = 3.7 kpc, H 2 = 140 pc,L 1 = 17 kpc and H 1 = 950 pc.
For 3 kpc < r ≤ 40 kpc
In this region, we include radial and vertical distributions independently. The radial distributions are based on the measurements of CO emission, 21 cm line emission and absorption and dispersion measurements of pulsars. The vertical distributions are obtained by fitting the vertical density profiles of H 2 , HI and HII obtained from the gamma-ray observations and hydro-dynamical simulations (Feldmann et al. 2013) . We combine both the radial and vertical density distributions and construct a density profile as a function of r and z. We also normalize the the combined density profile by following the prescription provided in Biswas and Gupta (2018) . We follow the same procedure for all the three components and final forms are given below. n H 2 : The normalized density profile can be written as (Biswas and Gupta 2018) n H2 (r, z) = (0.5 × 0.58 cm 
In equation 18, the radial part is obtained from the 2.6 mm CO emission line measurements (Ferriere 1998 ).
n HI : The normalized density profile of HI is 
where, α h (r) = 1.0, For, r < 8.5 kpc, α h (r) = r 8.5 kpc , For, r > 8.5 kpc.
(22) Here, radial part in equation 19 is derived on the basis of 21 cm emission and absorption line data (Ferriere 1998 Similar to the previous one, the radial part in equation 23 comes from the WIM contribution which is formulated from the dispersion, scattering and distance measurements of pulsars (Ferriere 1998) . The radial profile in equation 25 is constructed from the mass measurement (2.7 × 10 10 M ⊙ ) of hot gas in the the halo following the analysis of OVII and OVIII emission lines (Miller and Bregman 2015) . The equation 24, represents the interpolation between equations 23 and 25. Figure 1 shows the 3D plots of n H2 (top), n HI (middle) and n HII showing the radial and vertical distribution. It is not straightforward to compare these plots due to their complicated natures. But we can say that neutral and ionized contributions are dominant over molecular contribution at large radial distances. Another significant fact is the presence of a gap in both n H2 and n HI profiles in the range of r ∼1-3 kpc (Ferriere et al. 2007) . The Galactic bar effect is believed to be the reason behind the appearance of gap (Ferriere et al. 2007) . 
2.4. Methodology to obtain the proton distribution in the Galaxy
Here, we discuss the procedure followed in this work for calculating the CR proton distribution in space and Figure 1 . The 3D plots of n H 2 (top), n HI (middle) and n HII (bottom) along with their radial and vertical dependence are shown. A gap in the range of r ∼1-3 kpc has been occurred in both n H 2 and n HI which is considered as the Galactic bar effect (Ferriere et al. 2007) .
energy in the Galaxy. Our calculated CR spectra near the Earth is fitted to the observed spectra to validate our models. We consider our Galaxy to be a cylinder with maximum galactocentric radius, R max = 40 kpc and maximum half-height, L = 3z t ; z t is the halo height. For the purpose of simulations, we take into account a subset of benchmark models, namely PD (plain diffusion model), KRA (model including Kraichnan turbulence spectrum) (Kraichnan and Nagarajan 1967; Kraichnan and Montgomery 1980) , CON (convection model) and KOL (model including Kolmogorov turbulence spectrum) (Kolmogorov 1941 fixed. During the fitting of 10 Be/ 9 Be and B/C, we use a test injection spectrum for proton that roughly fits the observed proton spectra. b) In this step, we tune the spectral indices and spectral breaks of the injection spectrum of proton (same for all other heavy nuclei) to fit the calculated spectrum with the observed one. Voyager proton data is supposed to represent proton flux in the ISM which is not affected by solar modulation. Apart from Voyager, all the other data sets are measured near the Earth and solar modulation effect has to be taken into account. The spectral index at lowest energies (below 400 MeV) is adjusted by fitting the Voyager data. In case of intermediate energy domain (few tens of MeV to few tens of GeV) spectral index is tuned by fitting AMS02 data with solar modulation effect. The spectral index at high energies (above TeV solar modulation effect is negligible) is adjusted such that we can fit the CREAM data. We also incorporate suitable spectral breaks. During this fitting procedure, we keep fixed all the parameter values obtained in the previous step and simultaneously check the fitted spectra of 10 Be/ 9 Be and B/C. In our simulations, we follow the above fitting procedures for each model and finally obtain the proton flux (J Gal p (E k , r, z)) in all the position of the Galaxy which is constrained by the local measurements of CRs. In the next section, we will use that proton flux to obtain the diffuse gamma-ray flux.
CALCULATION OF DIFFUSE GAMMA-RAY FLUX
In the preceding section, we already discussed the CR proton distribution and the total gas density profile in the Milky Way Galaxy. Now, we can calculate the gamma-ray emissivity (J γ (E γ , r, z)) at any r and z by following the semi-analytic method presented in Kelner et al. (2006) . The gamma-ray emissivity (in units of GeV −1 cm −3 s −1 sr −1 ) is denoted by for E γ ≥ 100 GeV,
and for 1 GeV E γ 100 GeV, Figure 2 . The schematic diagram shows the geometry used to model our Galaxy and calculate the total diffuse gamma-ray flux (φγ (Eγ )) (in this section) and luminosity of CR (see Sec 4.5) Here, C and E represent the Galactic centre and position of the Earth respectively. The point D is the vertical projection of an arbitrary point A, where the proton distribution is calculated.
d 0 = d+z = (r−r E )+z and |d 0 | = (r 2 + r 2 E + z 2 − 2rr E cosθ).
where, E p , E γ and F γ are the energy of the incident proton, gamma-ray energy and the spectrum of the secondary gamma-ray in a single collision 3 respectively. In equation 27, m p and E π denote the mass of the proton and energy of the pion respectively. K π andñ are the free parameters. In our calculation, we consider K π = 0.17 (Kelner et al. 2006) whereasñ can vary in the range of 0.67 -1.10 depending on the spectral indices of proton and electrons (Kelner et al. 2006) . At E γ = 100 GeV, we calculate the diffuse gamma-ray flux (see equation 28) using each J γ expression (see equations 26 and 27 and tunẽ n such that both fluxes can be matched. The total diffuse gamma-ray flux (φ γ (E γ ) in units of GeV −1 cm −2 s −1 sr −1 ) averaged over the solid angle at the Earth can be represented by equation(28). Θ(x) denotes the Heaviside function. The square bracket term in equation 28 represents the exclusion of gamma-ray emission from the inner Galaxy which is modeled as a cylinder with radius 15 kpc and a half-height of 3 kpc above and below the Galactic plane. The last Heaviside function in equation 28 denotes the exclusion of low-latitude (|b| < 20
• ) gamma-ray emission following the measurement of IGRB by Fermi -LAT (Ackermann et al. 2015) . In the present calculation, we consider contribution of gamma-ray emission above the Galactic plane (+z direction) and multiply it by 2 to include the contribution coming from below the Galactic plane. Hence, the factor 2 comes in the numerator of the prefactor of the integration. The other factor, 3.08×10 21 , in the numerator represents the conversion factor from kpc to cm unit. The term (1 − cos70
• ) in the denominator of the prefactor of the integration is due to averaging of the total flux over the solid-angle. In equation 28 , we do not take into account the gamma-ray production from secondary electrons, produced in p-p interaction through decay of charged pions, via inverse Compton scattering of CMB photons. We also ignore the contribution of electrons produced in the electromagnetic cascades initiated due to interaction of high energy photon with CMB and infrared photon field. The study of energetics and mean free path indicate that those processes are less favorable than the gamma-ray emission due to decay of neutral pions which are produced in p-p collisions (e.g. Coppi and Aharonian 1997; Liu et al. 2019) .
RESULTS
In this section, we present the fitted CR spectra and parameters needed for fitting in different models like PD, KRA, CON and KOL. We also display the diffuse gamma-ray fluxes obtained from these models and compare with the IGRB data presented by Fermicollaboration (Ackermann et al. 2015) . The comparison of diffuse gamma-ray fluxes calculated from KRA model by imposing different constraints on r, z and Galactic latitude is also presented here.
4.1. PD model PD model is the only model, among all the other models considered here, where re-acceleration term is absent (i.e. v Alf = 0). We use the PD model in the DRAGON code and follow the procedure mentioned in section 2.4 to fit the observed CR data in the energy range of 0.1 − 10 5 GeV/nuc. From the fitted CR spectra, we obtain the parameter values for the PD model. The parameter values are listed in table 1. We, finally, calculate diffuse gamma-ray flux following the procedure discussed in section 3 and compare with IGRB data presented by Fermi collaboration (Ackermann et al. 2015) .
In figure 3 , we plot the fitted spectra of 10 Be/ 9 Be, B/C and proton with locally observed CR spectra 4 . Unmodulated proton spectra (J(E k )) and proton spectra modulated by solar modulation (φ = 0.5 GV) are shown by dashed and solid lines (see the upper left panel of figure 3 ) respectively. At lower energies (E k 10GeV/nuc), proton data measured by AMS 02 (Aguilar et al. 2015) show departure from PAMELA (Adriani et al. 2011) data. This may happen due to difference in solar activity at the epoch of these two observations. We use AMS 02 data to choose the solar modulation potential. We find our parameter set fits the observed CR data in the energy range considered by us. Diffuse gamma-ray flux obtained from PD model is also plotted with IGRB data measured by Fermi-LAT. The results, presented here, show that PD model is consistent with both local and global observables. table  1) is close to the δ value of KRA, v Alf parameter exists in KRA which makes the difference between KRA and PD. It is also noted that δ value in KRA model has a fixed value. In PD model, the δ can be varied to tune the observed CR spectra. The parameter values of KRA model which are needed to fit the locally measured CR spectra are listed in table 2. The fitted CR spectra and the diffuse gamma-ray flux obtained from KRA model are shown in the figure 4. The plots indicate that KRA model provides good fits for observed CR spectra and consistent with the IGRB data. (Stone et al. 2013; Cummings et al. 2016) , PAMELA (Adriani et al. 2011 (Adriani et al. , 2013 , AMS 02 (Aguilar et al. 2015) and CREAM (Yoon et al. 2011) data. The dashed and solid lines represent proton flux without and with the solar modulation (φ = 0.5 GV) respectively. B/C (upper right panel) flux ratio is plotted with PAMELA (Adriani et al. 2014) , AMS 02 (Aguilar et al. 2016) , CREAM (Ahn et al. 2008) and TRACER 06 (Obermeier et al. 2012) data. Similarly, 10 Be/ 9 Be (bottom left panel) flux ratio is plotted with ACE-CRIS (Yanasak et al. 2001) and ISOMAX (Hams et al. 2004) data. Diffuse gamma-ray flux (bottom right panel) obtained from the PD model is compared with the IGRB data measured by Fermi-LAT (Ackermann et al. 2015) . The downward arrow at highest energy bins (580-820) GeV represents the upper limit of flux. (Stone et al. 2013; Cummings et al. 2016) , PAMELA (Adriani et al. 2011 (Adriani et al. , 2013 , AMS 02 (Aguilar et al. 2015) and CREAM (Yoon et al. 2011) data. The dashed and solid lines represent proton flux without and with the solar modulation (φ = 0.5 GV) respectively. B/C (upper right panel) flux ratio is plotted with PAMELA (Adriani et al. 2014) , AMS 02 (Aguilar et al. 2016) , CREAM (Ahn et al. 2008 ) and TRACER 06 (Obermeier et al. 2012 ) data. Similarly, 10 Be/ 9 Be (bottom left panel) flux ratio is plotted with ACE-CRIS (Yanasak et al. 2001) and ISOMAX (Hams et al. 2004 ) data. Diffuse gamma-ray flux (bottom right panel) obtained from the KRA model is compared with the IGRB data measured by Fermi-LAT (Ackermann et al. 2015) . The downward arrow at highest energy bins (580-820) GeV represents the upper limit of flux. value of CON model is not fixed. The fitted parameter values of CON model are listed in the table 3. We find that the η value (see table 3) of CON model is higher than the value obtained in PD and KRA (see the tables 1 and 2). But the the D 0 value of CON is lower than the D 0 values of PD and KRA (see the tables 1, 2 and 3). 4.5. Comparison of diffuse gamma-ray fluxes and luminosity calculation In this section, we compare the diffuse gamma-ray fluxes obtained in two different cases using KRA model. In the first case, we calculate the diffuse gamma-ray flux excluding the diffuse emission from the inner cylindrical region of the Galaxy with radius 15 kpc and half-height 3 kpc (see the equation 28 and discussion in section 3). In another case, we also calculate same diffuse gamma-ray flux without putting any constraint on r and z. In both the cases, we consider |b| > 20
• and use the parameter values obtained in KRA model (see the section 4.2 and table 2). Comparison of the diffuse fluxes in two cases reveals that if we do not put any constraint on r and z then the diffuse gamma-ray flux increases by ∼ two orders of (Stone et al. 2013; Cummings et al. 2016) , PAMELA (Adriani et al. 2011 (Adriani et al. , 2013 , AMS 02 (Aguilar et al. 2015) and CREAM (Yoon et al. 2011) data. The dashed and solid lines represent proton flux without and with the solar modulation (φ = 0.5 GV) respectively. B/C (upper right panel) flux ratio is plotted with PAMELA (Adriani et al. 2014) , AMS 02 (Aguilar et al. 2016) , CREAM (Ahn et al. 2008) and TRACER 06 (Obermeier et al. 2012) data. Similarly, 10 Be/ 9 Be (bottom left panel) flux ratio is plotted with ACE-CRIS (Yanasak et al. 2001) and ISOMAX (Hams et al. 2004 ) data. Diffuse gamma-ray flux (bottom right panel) obtained from the CON model is compared with the IGRB data measured by Fermi-LAT (Ackermann et al. 2015) . The downward arrow at highest energy bins (580-820) GeV represents the upper limit of flux. 6.0/330 GV magnitude than the other case where we exclude the diffuse emission from the inner Galactic region. We, finally, compare our results with the IGRB data presented by Fermi collaboration (Ackermann et al. 2015) . We find our results are well below the IGRB data. Figure 7 shows the plots of diffuse gamma-ray fluxes obtained in two cases, as discussed here, with KRA model. IGRB data is also plotted in the same plot for comparison.
In the following, we have calculated the CR luminosity (L CR ) for the KRA model. The total CR luminosity is defined as, (Stone et al. 2013; Cummings et al. 2016) , PAMELA (Adriani et al. 2011 (Adriani et al. , 2013 , AMS 02 (Aguilar et al. 2015) and CREAM (Yoon et al. 2011) data. The dashed and solid lines represent proton flux without and with the solar modulation (φ = 0.6 GV) respectively. B/C (upper right panel) flux ratio is plotted with PAMELA (Adriani et al. 2014) , AMS 02 (Aguilar et al. 2016) , CREAM (Ahn et al. 2008) and TRACER 06 (Obermeier et al. 2012 ) data. Similarly, 10 Be/ 9 Be (bottom left panel) flux ratio is plotted with ACE-CRIS (Yanasak et al. 2001) and ISOMAX (Hams et al. 2004 ) data. Diffuse gamma-ray flux (bottom right panel) obtained from the KOL model is compared with the IGRB data measured by Fermi-LAT (Ackermann et al. 2015) . The downward arrow at highest energy bins (580-820) GeV represents the upper limit of flux. (Ackermann et al. 2015) . The downward arrow at highest energy bins (580-820) GeV represent the upper limit of flux. The dashed line represents the diffuse gamma-ray flux for no restriction on r and z, and |b| > 20
• . The solid line represents the diffuse gammaray flux with constraints on r and z, and |b| > 20
• .
L CR = 2 × 4π c t g × 
where, c is the speed of light and β(E p ) = √ E 2 p +2Epmp Ep+mp . Here, t g is the time at which the CR injection have started. The prefactors 3.08 × 10
19 and 1.6 × 10 −3 represent the conversion factor from kpc to meter and GeV to erg respectively. If we put t g = 12 Gyr = 12×3.15×10
16 s (Liu et al. 2019) , then L CR = 4.57 × 10 38 erg s −1 .
SUMMARY AND DISCUSSION
In this work, we combine both the local CR measurements and diffuse gamma-ray fluxes. We have used few benchmark models with diverse parameter settings for modeling of CR propagation in the ISM. Most of the models have provided very good fit to the CR data and those are also consistent with the gamma-ray observation. Moreover, we find that diffuse gamma-ray data do not strongly constrain the δ parameter and therefore diffuse gamma-ray data can not discriminate among the CR propagation models considered in this work.
Previously, a similar kind of analysis has been carried out by Cholis et al. (2012) . In that work, diffusion coefficient contains an extra radially dependent term which is absent in our work. The gas density profiles used in their work are significantly different from those used by us. Our gas density profiles are more updated and based on recent observations and hydrodynamical simulations. Most of the CR data used by us are more updated than the previous data sets used in their work. The IGRB data (Abdo et al. 2010) used in their work is upto 100 GeV, but in our work we have extended our gamma-ray flux calculation upto 1 TeV and we have used the recent IGRB data (Ackermann et al. 2015) with an extension upto 800 GeV. The diffuse gamma-ray flux at E γ = 100 GeV, as estimated in their work, is 4.88 × 10 −8 GeVcm −2 s −1 sr −1 (for KRA model, 20
• < |b| < 60
• , see upper right of figure 2 in Cholis et al. (2012) ), whereas in our work, at E γ = 100 GeV diffuse flux is 1.38 × 10 −9 GeVcm −2 s −1 sr −1 (for KRA model, |b| > 20
• ). Recently, similar problem has been addressed by Liu et al. (2019) . The radial profile of equation 25 was used as the total gas density profile and was marked as "Model A" in their work. The total CR luminosity in their work is taken as 10 41 erg s −1 which is three orders of magnitude higher than our calculated luminosity for KRA model (see section 4.5). The diffuse fluxes of Model A without Galactic wind overshoot the upper limit of IGRB flux measured by Fermi-LAT (Ackermann et al. 2015) , whereas the diffuse gamma-ray fluxes predicted by Model A with Galactic wind are below the measured IGRB fluxes. In our case, the diffuse gamma-ray fluxes obtained from all the models are well below the measured fluxes of IGRB. In the present work, at E γ = 100 GeV the diffuse flux for KRA model with constraints on radial and vertical distances is two orders of magnitude lower than that predicted for Model A with Galactic wind in Liu et al. (2019) . In our work, the proton distribution in the Galaxy is obtained by fitting the locally observed CR spectra, which is a major difference from the procedure followed in Liu et al. (2019) .
CONCLUSION
As an end note, we want to say that our analysis is robust with respect to various uncertainties in the parametrization of the diffuse gamma-ray flux produced due to p-p interactions. Our results also indicate that the contribution of the Galactic diffuse gamma-ray in the IGRB flux is quite less, which suggests IGRB is mostly of extragalactic origin.
